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1. Tide 

CONTRAST AGENT FOR \ ULTRASONIC 
DIAGNOSIS 

2. Claims 

1. Contrast agent fbr ultrasonic diagnosis characterized by 
(lie fact that its primary cranporont is a perfluorocarboa 
rnnfrion with an emnMcn particle aire of M0 fla. 

2. Contrast agent fbr nhraaniric diagnosis in accordance . 
viti Claim 1 9 characterized by tote thai tteperflttcrocarbon 
concentration Is 25*100 w/v%. 

3. Contrast agent fbr ultrasonic diagnosis in accordance 
*ith Cl a ims 1 and 2, characterized by the (bet (hat the 
panamujibca ia perrlnonhMinBfliyMee^ 

4* Gontrart agent fbr nil i' tannic diagnosis in accordance 
with Claims l f 2 and 3, characterised by the &ct that hi* used 
loe ultcssooie dls^piosiiB itt flts hsot. 

3. Paailffd Description of (he Invention 
<IndnsolsI Field of AppBcarion> 

The present Invention a eontmst agent fbr 

ultrasonic diagnosis whose primary component is a 


pexfhzoxocarbon emulsion with an emulsion particle size ranging 
from 1 to 10 pnL I 
< Prior Art> ' \ 

Inultntsonlc imaging of die heart (contrast echo tecfairiiruca), 
a contrast agent is injected into a peripheral vessel in order to 
obtain information about cardlovaacolar blood flow. r It can be 
likened to eardinangtogxaphy, a torn at radiography. This 
imaging method is extremely useful cfinkalJy, and a wide range 
of applications have beat devised fbr analyzing hemddnedc 
' information such as [die pit sc nee of] shunts and the directi on, 
speed, and pattern of blood flow. 

Contrast agenta (hat have been used in the prior art include 
physiological saline lofaffans, 5% saccharide solutions, 
antologoos blood, tndocyanine green, and Urografin. AH of 
these snbrtaecnt are mixed with air either by hand or wifh a 
mnkator, and the resulting air babbles are used as echo sources. 
However, these agents do not provide sadsfectory contrast 
echoes In all patients, may M to provide good contrast echoes, 
or may not provide tern with good reproducing with repeated 
injections. Even if the method ia extremely useful clinically, 
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it will provide very Kttle diagnostic mfbrmaccn if satisfactory 
crninrei rrhm are doc obtained [sic]. Tims, i imjor obsacle 
to this cxatniiiaaon method u f ^n u is ike fiiJure to provide 
sxrisiactary contrast echoes m all patients, furthermore, toe 
contrast echoes provided by (be contrast agents now in use, such 
as those mentioned herein above, cannot transverse (ha 
pulmonary capillaries and usually do not appear in the left heart 
However, If a substance that provides contrast echoes m the left 
heart were found, it would promise to contribute greatly to 
noninvasive diagnosis. 
< Problems To Be Solved by die Invention > 

Accordingly, the first object of the present invention is to 
provide a contrast agent for ultrasonic diagnosis which always 
provides satisfactbry contrast echoes. 

The second object of the present invention is to provide a 
cuscxast agent for ultrasonic diagnosis which Is capable of 
transversfag the pulmonary capillaries and providing contrast 
echoes in the left heart 

The third object of the present invention is to image the 
coronary arteries in order to diagnose sites of myocardial 
by aortic injection of the agent The inv e nti on would 
toefcre provided contrast agent for ultrasonic diagnosis which 
can be used as a myocardial contrast echo agent 
<Meass of Solving (he Problems > 

In order to achieve these objectives, the present invention is 
characterized by, die Act that it is an emulsion composed 
primarily of perflttorocarboo having an emulsion partide size 
ranging from 1 to 10 jnn* 

Tie pexfteorocarbons to be eaed in the present invention are 
not ptrdffilitiy restricted; any known perfluorocarbons may be 
used. However, p cifluuiuuu b uua having M 1 carbon atoms are 
pie&ired because those with 8 or lea reacfQy injure the lunge, 
-jd mase with 12 or more have a considerable residence time in 
endothelial cells of tbeviscen. Picibiicd are pcrfluorodccalln, 
pcrfluorotriptopylamine, petfluoro-^ethyiquinolwiditte, 
perfluoro-N-methylde^yd^qu incline, perflucro-N- 
methyldecahjdrolsoqninoUns, and perfluuro-N- 
cyci oleiylpyuu giflm. Sod perfboroezrbons may be used 
singly or in cnrahfnadOTM of 1 or mom, Including isomers. 

These are so pntrictfnea en the prii'mijHiI emuisifier to be 
" used in the preyni invention, provided (hat His a conventional 
one. Preferred examples include, phospholipids such as egg 


yoke and soybean phospholipid* and nonionic polymeric 
rurfic&nn (preferred molecular weight 200O-20.CCO) such as 
poly(oxycthyleae)-pdy(GxyprcpyIeoe) copolymers. 

To manufacture the emulsion of the invention, a crude 
emulsion is prepared by adding the pcrfluorccarbon tu a 
predetermined amount of salt solution (fbr example, a well 
known isotonic salt solution such as laraced Ringer's solution) 
containing Wvr/vS of the principal emnJsifier (preferably 
2-5 w/v%) to bring the perfluorucarbon content In the principal 
emuisifier to 25-100 w/v% and ffl ~ |~«"i«<y^fl| mi^ ^ mi T w, 
This crude emulsion is then homogenized using a n emuisifier 
ipparatoa.to achieve a parade size of 1-10 piu, preferably 
2-3 pm. 

The emulsification is carried out for 1-30 min under 
conditions of 5*50 kg/cm* of emulsification pressure and ambient 
temperature of 50-tiO*C Additives that may be used include 
0.0014.1 % of an emulsion aid such as a fatty acid, fatty acid 
salt, fatty acid ester, or polyhydric alcohol, 0.002-0.006 % of an 
antioxidant such is vitamin E, and an agent soeh as sodium 
chloride, fy ^ tri ^ or sorbitol co [the emulsion] bo tonic* 

An additional step fbr TP*^ n t the particle size uniform, 
such as centrifbgation, may be performed after die emjilsion is 
produced. After packaging, the final preparation is obtained 
following heat sterilization. i 

The contrast agent of the invention obtained in &e above- 
described maimer is suitable fbr use m applications such as 
ultrasonic imaging of blood How patterns. It is administered by 
Injection into an artery or vein that is appropriate fbr imaging 
sites such as the left ventricle, right vemride r ; aorta, or 
pulmonary artery. It is usually used in amounts of 5-20 mLper 
injection. It may be Injected is a bolus or continuously togaher 
with a physiological saline solution, gmcose solution, or the like 
via a catheter with a three-way stopcock or a chronically 
Indwelling needle. 
< Working Examples > 

Working and experimental examples are used herein below 
to describe the present invention more concretely, but the present 
invention is not limited to these examples. 
Working Example 1 

150 mL of purified water was added to 15 g of purified egg 
yolk phospholipids, which were suspended using a mixer; 125 g 
of perfluoto^-meiliyldecahyd was then added. 
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A prepared solution of 60 mg of mouoscdlum phospbaa, 
280 mg of discdium phosphate, and 2 1.8 g ofaorbLtolialQO mL 
of purified water was added; a crude saulson was obtained 
wring t mixer and brought to a volume of 300 mL wnh purified 
water. A uniform cmuLaoo was then obtained by emulsifying 
this cnxdo emulsion at an cmulsificapon pressure of 10 kg/cm* 
*sd tempcraiure of 33 ± 3 # C for 10 mln, using a Mawon- 
Gaulln aauistficr. 

This mtiidwtt was packaged la vials, the air was replaced 
with nitrogen, &nd dte emulsion was sterilized at 121 *C fbr 
5 min. 

Working B» um fi |t - 

A emulsion was obtained In the same msimer as is 
Working Example I, except (bat 250 j of pcrfboxo-H» 
meihyldecahydroiscquinoline was added. 
Working Example 3 

A uniform emulsion was obtained in the same manner as in 
Working Example 1, except that 500 g of perfhioro-N- 
msdryldecabydrdsoqoindins was added. 


Working Example 4 

A uniform emulsion was obtabed in the same m a nner as ia 
Working Example I, except that the cmulsificarion time was 
3 miiL 

Experimental Example 

Catheters were inserted in adult dogs to various injection 
aires via the carotid vein and caiodd artery. 5 mL of a contrast 
medium was injected as a bolus via a catheter, and the imaging 
effect in echocardiography of the left heart was readied. 

The remits are shown in Table I. No fluctuations In heart 
rate, blood pressure; or electrocardiogram were observed when 
die contrast agents were injected as a bolus in this experiment, 
demonstrating that the safety of the agent is sufficiently high In 
dogs. Echo contrast agents containing air bubbles have been 
plagued with safety problems in clinical use; furthermore, the 
administration of hypertonic or highly viscous solution* affects 
the bean However, the contrast provided by (the agent of] the 
invention is extremely usehxl for ultasonk imaging because die 
agent Is Isotonic and has a viscosity approximating that of blood. 
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<BiTect of the lttvcs&ou> 

Ai described herein above, the ccnnaa agent for nl tra so n fc 
imaging of the invention provides ueful cffeaa such ax 

(1) Always providing satisfactory centrist echoes; 

(2) Providing comas echoes in (he left bean due to its 
ability to tarsvese the pulmonary capillaries. 

(3) Ho capability of imaging the coronary arteries, nuking 
it possible to search for sites of myocardial ischemia. 
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